We present here CAFE, the Calar Alto Fiber-fed Echelle spectrograph, a new instrument built at the Centro Astronomico Hispano Alemán (CAHA). CAFE is a single fiber, high-resolution (R ∼70000) spectrograph, covering the wavelength range between 3650-9800Å. It was built on the basis of the common design for Echelle spectrographs. Its main aim is to measure radial velocities of stellar objects up to V ∼13-14 mag with a precision as good as a few tens of m s −1 . To achieve this goal the design was simplified at maximum, removing all possible movable components, the central wavelength is fixed, so the wavelentgth coverage; no filter wheel, one slit and so on, with a particular care taken in the thermal and mechanical stability. The instrument is fully operational and publically accessible at the 2.2m telescope of the Calar Alto Observatory. In this article we describe (i) the design, summarizing its manufacturing phase; (ii) characterize the main properties of the instrument; (iii) describe the reduction pipeline; and (iv) show the results from the first light and commissioning runs. The preliminar results indicate that the instrument fulfill the specifications and it can achieve the foreseen goals. In particular, they show that the instrument is more efficient than anticipated, reaching a S /N ∼20 for a stellar object as faint as V ∼14.5 mag in ∼2700s integration time. The instrument is a wonderful machine for exoplanetary research (by studying large samples of possible systems cotaining massive planets), galactic dynamics (high precise radial velocities in moving groups or stellar associations) or astrochemistry.
Introduction
The Calar Alto Fiber-fed Echelle spectrograph (CAFE) is an instrument manufactured at the Centro Astronómico Hispano Alemán (CAHA) to replace FOCES (Pfeiffer 1992 , Pfeiffer et al. 1998 , the high-resolution echelle spectrograph at the 2.2m telescope of the observatory that was being operated during the period 1997-2010. CAFE was designed following the common concept of this kind of instrument e.g. Kaufer and Pasquini 1998 , Stahl et al. 1999 , Raskin et al. 2010 , and therefore its design is very similar to that of FOCES e.g. Pfeiffer et al. 1992 , Pfeiffer et al. 1994 , Pfeiffer et al. 1998 . The instrument was designed to achieve an spectral resolution of R ∼ 70000, covering the wavelength range between 3850-9800Å. The main improvements of our design were focused on the increase of the stability and the sensitivity as much as possible. In particular, (i) we design a new camera, improving the one from FOCES; (ii) we use new branch, highly efficient and long-term stable fibers; (iii) the instrument has been located in an isolated room, thermalized and stabilized against vibrations (as we illustrate latter);(iv) most of the possible mobile parts in this kind of instruments have been substituted by fixed elements, to increase the stability of the system; and finally (v) a new more efficient CCD, with a smaller pixel has been acquired.
We expected that these improvements increase the efficiency and quality of the data with respect to its predecessor. The ultimate goal is that CAFE would achieve precisions of ∼10-20 m s −1 in the measurement of radial velocity of stellar objects down to V ∼14 magnitudes. We are searching for the maximun radial velocity accuracy for a simple and unexpensive, fast track instrument. The goal was to produce a competitive instrument for several key areas such exoplanetary searches, including the Kepler candidates, and the exploitation of GAIA Perryman (2003) . Thus,the ∼10-20 m s −1 is a compromise, and allows detailed studies of large samples of moderately faint stars. However, we would like to note that this instrument is built foreseen a single science case, but not to provide the community of users of the observatory with a facility to cover the same studied that were performed during the last 10 years using FOCES, improving the performance when feasible.
The intrument operates in a single mode, (as FEROS at ESO 1.52m Kaufer et al. (1997) , HARPS at ESO 3.6m Pepe et al. (2000) ) without any possible adjustment to increase either the resolution or the efficiency (to the contrary of other similar instruments with more movable elements, eg., FOCES, SOFIN at NOT 2.6m telescope Pronik (1995) ).
The distribution of this article is the following one: In Section 2 we describe the main properties of the instrument. The details of the design and manufacturing are given in Section 3. The results from the tests performed during the First Light are shown in Section 4.1. Finally, the tests performed during the Commissioning and their results are shown in Section 4. A summary of the main characteristics of the instrument are included in Section 5.
Main properties of the instrument
CAFE is a stationary echelle spectrograph located at a remote laboratory in the dome building of the 2.2m telescope. This room is located below the main telescope structure, separated from the rest of the building, in order to reduce the effects of any mechanical vibration. The mechanical stability is increased by sophisticated pneumatic stabilization system installed in the optical bench manufactured by NewPort Corporation (model I-2000-428) . This guarantees a much better stability of the instrument, increasing its performance and accuracy for radial velocity measurements of fainter objects. The room has thick reinforced concrete walls, as been part of the main support of the telescope itself. This also provides a good thermal-isolation to the room. The instrument itself is separated ∼18m from the Cassegrain focus of the telescope. The light is conducted by a single fiber and coupled to the focal plane with an improved version of the FOCES telescope module. It was manufactured by the company Ceramoptec and it has an stainless steel tube as outer protection and ETFE (Ethylene tetrafluoroethylene) with Kevlar for strain relief as inner protection tube.
The optical design of the instrument camera has been optimized, based on the knowledge acquired with FOCES. Based on modern optical software a better PSF could be achieved over the field of view. The system has been optimized for the size of the CCD in use. Finally, we equipped the instrument with a new CCD camera, an iKon-L of Andor Technologies company, with 2048x2048 pixels of 13.5 mu. This CCD has a better quantum efficiency, lower readout-noise and higher read-out speed than the currently used by FOCES. We expect to increase the efficiency by at least a ∼10% using this detector.
As indicated before, the echelle image covers the visible spectral region from 3960 to 9500 nm, distributed in 84 orders. They are displayed in 84 spectral orders with full spectral coverage. Spectral orders are separated by 20 pixels in the blue and 10 pixels in the red. The maximum expected spectral resolution is R = λ/∆λ = 67000 with a 2 pixel resolution element. Table  1 summarizes the main properties of the instrument and Table 2 shows their references and manufacturers.
Detailed description of the instrument

Mechanical and thermal stability
As indicated before, the spectrograph is located inside a controlled thermal environment in order to minimize any possible thermal drifts during an observing night.
The upper part of the cabinet can be lifted up with a tackle anchored on the roof of the room, as shown if Fig.1 , getting access to the optical bench. The enclosure is kept closed during the observations.
No electronic/mechanical control system is needed once the instrument is integrated, due to its design. The only active elements inside the cabinet are the focus stage of the camera and the shutter, which are kept disconnected during a normal operation. These issues add a better stability of the mechanical mounts installed on the optical bench. Following the same philosophy, the entrance slit width of the spectrograph is fixed to 100 µm. The maximum expected spectrograph resolution for a 2.2m telescope is Rφ = 60300 with the slit width φ entered in arcseconds; at the 2.2 m telescope the standard slit width corresponds to 100 µm which subtends a 1.2 arcseconds angle on the sky. Thus a CCD chip with 2x2k pixels of 13.5 µm distance would yield a 2 pixel resolution of R = 72000 with increased spectral coverage. The selection of the slit's width matches with the average values of seeing at the Calar Alto observatory which corresponds to 0.89arcseconds Sánchez et al. (2007) . Fig. 1 . The figure shows a view of an CAFE spectrograph with the cabinet opened. The internal optical elements are seen on the optical bench. The upper side is as straight as a die to avoid any small apertures that can break the thermal isolation. Due to that, the upper part has to be lift up with the help of a tackle.
Fig. 2.
Optical layout of the CAFE spectrograph with entrance slit, collimators, Echelle grating, folding mirror, prism/grism cross-disperser, and camera.
Optical design
The optical design of CAFE follows a white pupil concept, similar in many aspects to the one its precedent, FOCES (Baranne 1998). The optical layout is shown in Fig.2 .
The light is collected by the telescope module (see Fig.3 ), which is attached to the Cassegrain focus of the telescope . It comprises a Halogen and Thorium-Argon lamps that are used as a continuum and wavelength calibration respectively, and an optical fiber that feeds the spectrograph. A motorized device allows to place any of the calibrations lamps in the optical path when they are needed. Their beams are designed to have roughly the same f -ratio ( f /8) as the telescope beam to illuminate the entrance aperture with the same light cone. A 45
• tilted mirror reflects the light into the fiber head and it might be rotated to accept light coming from any of the comparison lamps sources. Currently halogen and Thorium Argon lamps are available for flat field and wavelength calibration respectively.
Light entering into the fiber passes through a circular diaphragm which is located in a small tilted mirror just atop the fiber head. The diameter of such diaphragm is fixed to 200 µm that determines the angular field accepted by the fiber and corresponds to an sky area of 2.4arcseconds. This small tilted mirror also allows guiding capabilities on the entrance aperture using the telescope guiding facilities.
Both ends of the fiber have a microlens glued to each surface and the corresponding principle is shown is Fig 4. As in the case of FOCES, a polymicro fiber was selected to be used with CAFE because it has been reported to have the least degradation among different available ones, e.g. Crause et al. (2008) ; Avila et al. (2006) ; Avila (1988) .
A Fourier coupling is used. That means that the radial distribution of light in the telescope focal plane is transferred to an angular distribution to the fiber. As angular distribution of light couple to the fiber is presevered by the fiber (modulo FDR), the Fourier lens at the end recovers the radial information from the angular one.
The first element in the optical bench is the entrance slit used to recover the original resolution when the entrance diaphragm at the Cassegrain focus is widely open to let pass starlight in case of bad seeing. It is immediately aside of the folding mirror so the entrance slit and its spectral image are therefore very nearby as close as 0.9mm.
To follow a white pupil design, the spectrograph itself is collimated with two large off-axis parabolic mirrors. The 15 cm beam leaving the 31.6 lines/mm R2 echelle is refocussed in the vicinity of a small folding mirror, used to reflect the converging beam in the intermediate slit image which passes a very efficient straylight baffle.
The cross-dispersion is achieved with two LF5 prisms installed on a symmetric tandem mounting which is under manual control. Instead of a low-order grating, a double prism for crossdispersion is used, which accounts for a less strongly changing inter order distance, and it significantly reduces local straylight in the spectrum.
Finally, the beam is imaged with an f3 transmission camera onto a field centered on a back-illuminated CCD with 13.5 µm pixel size. The optical design of the instrument camera has been optimized, based on the knowledgement acquired with FOCES. Based on modern optical software a better PSF could be achieved over the field of view. The system has been optimized for the size of the CCD in use.
Pipeline
CAFE has been delivered with an automatic reduction pipeline. The main goal of this pipeline is to provide the user with a simple reduction of the data that can be used to test their quality during the observing run. Depending of the particularities of the science case, the data reduced using the pipeline could be used for science purpose or not, although this was not the main purpose of this package. The software is available for the community on request.
The reduction pipeline is based on R3D Sánchez (2006) . Although the package was not originally designed to reduce Echelle data, these data share some of the basic properties of any fiber-fed spectrograph. The pipeline requires four basic entries to perform the reduction: (1) the science raw-frame, (2) a bias frame acquired during the night, (3) a continuum lamp frame, and (4) an arc-lamp frame (ThAr, in this case). The main reduction steps performed are the following: (i) the raw frames are corrected by the corresponding bias; (ii) the location of the orders across the cross-dispersion axis is determined based on the intensity peak of each order at the central pixel of the CCD. Then, each order is traced along the dispersion axis, using a similar algorithm; (iii) the science spectrum corresponding to each order is then extracted using a Gaussian extraction algorithm Sánchez (2006) ; Sánchez et al. (2012) . A similar procedure is . Raw data of the first science frame taken with CAFE, on the star HR4728. The orders are displayed from red, at the bottom, to blue, a the top. For each order, the wavelength range runs from blue, at the left, to red, at the right.
used to extract the continuum and arc lamp spectra: (iv) The continuum extracted spectra are then used to create a master flat. For doing so, a low-order polynomial function is fitted to each continuum extracted spectrum, which is then divided by this smooth curve. The science frames are divided by this latter flat frame, correcting both the effects of the fringing and normalizing the transmission order-by-order. (v) Then, the wavelength calibration is derived for each order using the extract arc-lamp spectra. The identified emission lines are stored in an internal lookup- table (LUT) 1 . It is used a five-order polynomial function to derive the wavelength calibration order-by-order. (vi) The wavelength calibration is applied to the science frames, normalizing the wavelength step to the nominal one order-by-order as shown in Table 3 . (vii) Finally, a rough flux calibration is performed using a master-transmission curve derived during the commissioning runs.
Commissioning
First light
The first light of CAFE took place the night of the 24th of May 2011, when the instrument was for the first time installed in the telescope. The first observed science target was a bright (V ∼6 mag) star, HR4728, selected by visibility and luminosity.The early tests performed along this night were focused on the identification of the orders and wavelength range covered by each one. The identification of the orders was a fundamental and not trivial task prior to the proper extraction and wavelength calibration of each frame.
First, the location of the projection of each order in the CCD, as seen in Fig.5 is determined using the corresponding tracing 1 a summary of this LUT is shown in http://www.caha.es/CAHA/Instruments/CAFE/cafe/orders2.pdf Table 3 . CAFE: List of the clearly detected orders, including the order, the wavelength range and the spectral sampling (after re-sampling).
Detail of a few orders of the extracted spectra of HR4728, reduced using the early version of the pipeline.
routines. Fig.7 shows a vertical cut of continuum lamp exposure used to trace these locations. The distribution of flux along the cross-dispersion axis corresponding to each of the orders is shown. For each one, the location of the peak intensity is indicated with a red (central pixel) and blue (hyperbolic centroid) cross.
The identification of the orders was done after tracing and extracting a ThAr frame (following the reduction steps explained in section 3.3). Table 4 shows the 84 detected orders, including the Ycoordinate of the peak intensity of each order projected in the CCD at the central pixel in the X-axis, i.e., the pixel marked with a red cross in Fig.7 . Table 3 shows, for each order, the wavelength range sampling, once normalized to a common spectral sampling per pixel.
Efficiency of the Instrument
The net efficiency of the instrument was derived by comparing the expected photons to obtain from a certain source with the real number of photons acquired by the instrument. For doing so, it was used the exposures on the calibration stars during the night of July 17th of 2011. We observed 5 different calibration stars along that night. The grammes were reduced using the pipeline (described latter), and finally it was extracted a (flux)-uncalibrated spectra for each of the orders, in counts. Then, counts were transformed into photoelectrons using the gain of the CCD for each wavelength (n e,det ).
To derive the number of expected photoelectrons it is required to use the known flux-calibrated spectra of the considered standard star. The observed spectrophotometric standard stars were all extracted from the Oke (1990) catalogue 2 , which flux density is provided in units of 10 −16 Erg s −1 Å −1 cm −2 . The amount of flux (F) at a certain wavelength λ, in a wavelength interval ∆λ, of a star (or any other target), with flux density f λ , collected by a telescope of collecting area (∆S ), in a time interval (∆t) is given by the formula:
On the other hand, the energy of a single photon is:
f photon = hc λ The ratio between both quantities, gives the number of expected photoelectrons (n e,exp ). This number can be compared directly with the number of detected photoelectrons, obtained from the reduced data as described before. Finally, the net efficiency of the instrument, as a function of the wavelength, is defined as: e f f iciency = n e,det n e,exp Fig.8 shows the derived efficiency of the instrument (plus telescope and detector), as a function of the wavelength. CAFE is significantly more efficient than FOCES, at any wavelength range Pfeiffer et al. (1998) . In comparison with other similar Echelle spectrographs, available at telescopes of a similar aperture, CAFE has a similar peak efficiency as FEROS (Guenther et al. (1999) , Kaufer et al. (1999) ), although this instrument is more efficient in the blue end. The main difference seems to be the efficiency of the CCD, which for FEROS has a coating whose efficiency changes from blue to red from one side to another across the CCD (ie., its coating is optimized for the wavelength range covered by each order). Therefore, a simple way to improve even more the efficiency of the instrument would be to acquire a similar CCD, although is not considered in the near future.
Instrumental Focus and Wavelength Resolution
One of the main goals in the design and manufacturing of CAFE was to achieve a better resolution than the one of its predecessor, with a better efficiency and stability. CAFE was designed to achieve a maximum resolution of R ∼70000 (Sánchez et al. (2007) ), in the optimal situation.
The resolution of the instrument is defined as the ratio between the wavelength λ and the minimum range of wavelengths that can be resolved ∆λ. In practice, ∆λ is derived from the FWHM, in the spectral direction, of the emission lines of arclamps. Assuming that these lines are (in general), unresolved, the FWHM measures the instrumental resolution, i.e., the minimum wavelength elements to be resolved. Early measurements in the laboratory indicate that the FWHM of these emission lines were around ∼2.2 pixels, which mostly corresponds to a resolution R∼67000 at the average wavelength sampled by the instrument (λ6500Å).
A detailed derivation of the spectral resolution can be done after a proper identification of the orders, the wavelength range covered by each of them, and the corresponding sampling ratio per pixel. Once reduced an arc-lamp exposure, using the pipeline described latter, each of the 336 identified arc emission lines are fitted with a one dimensional Gaussian function in both the dispersion and cross-dispersion directions, deriving the FWHM in both axis. The FWHM in the cross-dispersion axis illustrates how well each order is separated form the adjacent ones, and by which amount they are contaminated by cross-talk. Fig.9 shows the distribution of both FWHMs across the field-of-view of the CCD.
On the other hand, the FWHM in the dispersion axis is a direct measurement of the spectral resolution. Once it is derived the FWHM of each of the identified lines, a clipping algorithm rejects those values (< 10%) that deviated more than 3σ of the mean one. The derived FWHM is multiplied by the step in wavelength per pixel and divided to the wavelength of the line, to derive the instrumental resolution (R). for any of the arc calibration frames taken along the commissioning run. In average, the instrumental resolution estimated on real data corresponds to ∼63000 ± 4000. There is a clear trend in the resolution from the blue to the red range, with the resolution being ∼60000 in the blue end (∼4000Å), and about ∼70000 in the red end (∼9500Å). This median value is statistically dominated by the values at wavelengths bluer than ∼5500Å, where there are more identified arc lines. As anticipated, the resolution at the average wavelength of ∼ 6500Å is ∼ 65000.
Following the specifications of the design, CAFE was built and calibrated to produce a similar accurate image quality at any position across the CCD. I.e., it was a goal of the design to have the same FWHM in the ThAr spots from blue to red arm at any order, at least in the spectral axis. A constant FWHM (in pixels) produces an unavoidable change in the resolution along the spectral range, as the one observed here.
This resolution is, in average, larger than the one that could be achieved by FOCES 3 . With that instrument, it was feasible to reach a resolution of about ∼65000 only when observing with the narrowest slit width (with the consequent loss of signalto-noise), and it was not feasible to achieve a better resolution above this value.
Stability of the Focus
CAFE was designed to stabilize the camera focus (and therefore the resolution) as much as possible. Due to that, compared with its predecesor, many moving elements have been replaced by fixed ones. To test if this goal has been achieved it is required to repeat the measurements described in Section4.3 for different ARC-lamps exposures taken under different conditions. So far, we got 34 ThAr ARC lamp frames along the commissioning run. We repeated the procedure described before for each of them, deriving the mean (and standard deviation) of the FWHMs values measured for each of them, and compacted one each other. Fig.13 shows the distribution of these mean FWHMs along the time (upper panel) and along the internal temperature of the instrument (lower panel). It is important to note here that although the instrument is equipped with a thermal controlling system, this system was not operational during the Commissioning run. Therefore, any effect of the temperature on the focus (and the stability of the resolution) should be detected in this plot.
The average value of the FWHMs along the dispersion axis range yields between 2.3-2.35 pixels, without any significant variation either with the time and/or the temperature. The variation across the field is much larger (see Fig. 9 ) than any of possible detected variation along the time/temperature. In this regards, the goals of the design have been completely full-filled.
It is required to (1) do this analysis for any of the observed nights here after to feed the statistics with more data, and (2) repeat the analysis if the focus is redone. Fig.11 shows the high stability of CAFE along a 6 hours observing night on June 23rd, 2012. We used 43 spots in 14 ThAr arc images along the night to follow their centroid values (in the X and Y directions). The mean dispersion of the centroid position in the X-axis for the different images is 0.009 pixels while 0.010 pixels is found for the Y direction, resulting in a radial ve- Fig. 13 . CAFE: Stability of the spectral resolution. Upper panel shows the distribution of the average FWHM of the ARC emission lines along the dispersion axis (e.g., the one shown in Fig.10 ), for the different ARC frames taken along the commissioning run. Lower panel shows a similar distribution along the internal temperature of the instrument, measured with the four sensors described in Section 3.1. locity precision of around 18.5 m/s and 21.2 m/s, respectively. It is also important to note a slight dependence on the centroid position along the night. However, it can be easily corrected by using the closest ThAr arc to wavelength calibrate the science images and hence achieve the mentioned precisions. We detect different trends depending on each particular night so, if the scientific program requires high precision radial velocity measurements, we would strongly recommend to obtain arc calibrations prior and after each science image.
Signal-to-Noise
CAFE was designed to be more efficient than FOCES. For doing so new branch fibers, optics, higher-efficiency elements and less movable elements were included.
To determine if we have achieved this goal, we used the fluxcalibrated spectra of the different objects observed during the commissioning run to derive the average S/N ratio (per spectral pixel). For doing so, an automatic procedure was included in 
where a is the semi-major axis, P is the orbital period, i is the orbital inclination and φ is the orbital phase. The shaded region has been calculated by error propagation of the published values in the previous expression. The lower panel shows the residuals for the fit. the CAFE pipeline, that compares the extracted signal, with the derived variance after propagating the different reduction steps. Fig.14 shows the theoretical curves derived from a exposure time calculator for CAFE. The achieved SNR as a function of time for a given magnitude has been included for the corresponding theoretical curve. Table 5 shows the results of this S/N analysis, for all the targets observed along the commissioning run, including the date, the name of the target, the V-band magnitude and the S/N at the average wavelength of this band (∼5500Å). However, a similar S/N, within a 20% is derived for the full wavelenght range between 5000-6500Å, depending more on the shape of the continuum of the considered target (e.g stellar type) than in the properties of the instrument. These results can be directly compared with the ones derived for FOCES 4 . We highlight here the results derived for the G5 star with V-band magnitude of 6.9 mag, derived with FOCES, obtaining a S/N∼41 for a exposure time 4 http://www.caha.es/pedraz/Foces/signal.html of 60 sec. This can be compared with the result we obtain for HF151541, with CAFE, a V ∼7.1 mag star, for which we obtain a S/N∼68 with a exposure time of 60 sec. The faintest object listed in the FOCES reference web-page, is a 0p star with a luminosity of V ∼10.5 mag, for which it was obtained a spectra with a S/N∼25 with a exposure time of 600 seconds. A similar star, BD+25d4655, V∼10.6 mag, was observed with CAFE, for which we obtained a spectrum with a S/N∼45, for with a similar exposure time (t exp ∼ 600 sec).
In average, the S/N derived by CAFE is twice larger than the one derived with FOCES for targets with similar luminosity and using similar exposure times. a S/N ratio of ∼20. We consider that the goal of providing an instrument more efficient than FOCES has been fulfilled. These figures/tables should be fed with any additional information provided in any further observing run to derive much more accurate results/expectations. Fig.11 shows the high stability of CAFE along a 6 hours observing night on June 23rd, 2012. We used 43 spots in 14 ThAr arc images along the night to follow their centroid values (in the X and Y directions). The mean dispersion of the centroid position in the X-axis for the different images is 0.009 pixels while 0.010 pixels is found for the Y direction, resulting in a radial velocity precision of around 18.5 m/s and 21.2 m/s, respectively. It is also important to note a slight dependence on the centroid position along the night. However, it can be easily corrected by using the closest ThAr arc to wavelength calibrate the science images and hence achieve the mentioned precisions. We detect different trends depending on each particular night so, if the scientific program requires high precision radial velocity measurements, we would strongly recommend to obtain arc calibrations prior and after each science image.
Radial velocities measurements
As it was said in previous sections, during the Commissioning run, we observed some already known planets in order to test the CAFE capabilities with real data. The physical and dynamical characteristics of this system causes a movement of the parent star around the center of masses with an amplitude of K = 371 ± 41 m/s (error calculated during the orbit's quadrature). In Fig16, we show the observational points taken with CAFE after reducing the raw data with the pipeline explained in the previous section. Radial velocity for each spectra has been derived by cross-correlating the 50 orders with The plot shows the SNR as a function of time for a given magnitude. Some experimental data for the corresponding magnitude have been overlapped to the theoretical curves for which magnitudes were derived. Lower panel: SNR is shown as a fucntion of magnitude for different fixed exposure time. Same experimental data than in the upper case have been plotted to be consistent. the highest signal to noise ratio with a solar spectrum 5 . When combining all the cross-correlation functions of the orders, we weigthtened them according to their FWHM. In the mentioned figure, we also plot the radial velocity curve according to the published parameters of the system 6 .A nice fit with the largest residuals being of the order of 50 m/s is obtained.
We proceed in the same manner for the second star, TrES-2, that hosted a planet lighter than TrES-3b. This planet is less massive than TrES-3b (M p sin(i) = 1.253 ± 0.052M J ) and orbits a heavier star of M s = 0.980 ± 0.062M⊙. Hence the amplitude of the radial velocity curve is significantly smaller, K = 190 ± 15 m/s. Although, in this case, a slightly poor sampling of this curve was taken, we can see in Fig11 that smaller residuals were obtained. Again, observed points with CAFE fit what is expected for this system, with residuals smaller than 20 m/s. According to our observations of radial velocity standards, we find precisions of 22 m/s in the case of HD124292 if we remove the night-by-night trend (see Fig17) .This trend could be cause by different effects such as stellar pulsation or night-bynight instrumental effects due to some small problems releated to the arc lamp intensity stability. This is due basically to the optimal temperature required for the lamp to produce sharp emission lines, and not broader ones, which centroids are different. Only when the lamp is switched-on during the complete nights it is reached an optimal stability in the position of the arc-lamps. However, this is not feasible, due to the possible effects in straylight.
Note that these radial velocity measurements have been determined by using high signal-to-noise spectra (greater than 80) of bright known standards and cross-correlating it with synthetic spectra of the same spectral type. The larger rms obtained in the case of TrEs-3b could be due among others to the fact that the Tres-3 spectra have lower signal-to-noise ratio (around 30). 
Summary and Conclusions
In this paper, we have presented the design, manufacturing and performance analysis of CAFE. We showed that the instrument was built according to the demanding requirements which resulted in an instrument of excellent stability and efficiency. First tests at the telescope were presented and lead to very encouraging results, which might be summarized as follows:
-The instrument is fully operational and publically accessible.
-The resolution estimated on real data corresponds to 62000±5000A. -Based on real observations, the limiting magnitude of CAFE would be ∼15 mag, for an exposure time of 1 hour, with a S/N ratio of ∼20. -Two known planets have been observed and their radial velocities measured to test the CAFE capabilities. -The high stability of the instrument shows that a radial velocity precision about ∼20m s −1 might be achieved.
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